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ABSTRACT 


The well-known difficulty of the Watson-Crick model gives the right to 
assume its incorrectness. An alternative model of the structure of the 
DNA molecule called a ribbon helix is proposed. Unlike the double 
helix, in it two chains are not intertwined, but go in parallel; unlike 
another earlier proposed structure, the so-called side-by-side model, it 
differs in that it has a homogeneous, dextrorotatory character. The 
advantages of the proposed structure are shown. 


From the author. This is a slightly modified and supplemented translation of 
my article «/[BoliHas CiMpaib WIM JIeHTa-cliMpasib?» (The Double Helix or the 
Ribbon Helix) published in the Russian popular science magazine «XumMua u 
%KV3Hb» ("Chemistry and Life"),1999, No. 9 — there is on my site. 


Almost two-thirds of the century has passed since the publication by J. Watson and F. Crick 
(Nature, April 1953) of the proposed DNA molecule structure, which soon became the symbol of 
a new science -- molecular biology. All the vicissitudes associated with this achievement are 
described by Watson in his famous book "The Double Helix" (1968). But is there full confidence 
that this model is correct? 


There is an intertwining -- there is a problem 
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In the 19 century, V. Flemming discovered the phenomenon of the longitudinal splitting of 
chromosomes in dividing cells. The model of the carrier of hereditary information in the form of 
two complementary chains gave a remarkably simple and beautiful explanation to the processes 
of doubling and transferring genetic information; the proposed structure became a concrete 
chemical embodiment of N. Koltsov's "matrix" idea expressed by him in 1927. It was in the 
discovery of the principle of complementarity of nucleic acids the revolutionarity of Watson and 


Crick model consisted of. 


But the double helix immediately led to a contradiction that its authors could not fail to 
notice: in it, the sugar-phosphate strands are twisted on each other, and when cells are dividing 
(with DNA replication), the two chains must be separated. However, in one chromosome the 
DNA molecule can be a centimeter long and, therefore, contain millions of turns; moreover, it is 
extremely densely packed in the microscopic volume of the cell nucleus. How can one imagine 
that chains will be unwinded under these conditions? 


Why did Watson and Crick come to the conclusion that the two strands coil 
plectonemically round one another and form a homogeneous double helix? From general 
considerations, more precisely, from a desire for maximum symmetry. Here is what is said about 
this in the Watson’s «Double Helix»: «... We decided to suppose -- until we reach a dead end, -- 
that the structure of the sugar-phosphate backbone is very regular one». 


And they actually built such a regular helix -- in the form of a spiral staircase in which all 
steps are equal (and the two chains are intertwined). M. Delbruck, one of the first to learn about 
their discovery, immediately wrote to Watson that he is confident in the correctness of the 
principle of complementarity, but the intertwining of the threads see as erroneous. In the 1950s 
and 1960s, the problem of threads separation was quite acute, but the authors of the model and 
most other scientists hoped that in the future it would somehow be resolved. 


Light at the beginning of the tunnel 


Indeed, in the 70s it seemed as if there was a way out: in the cells, proteins 
(topoisomerases) have been found that can cleave and link single strands of DNA. This means 
that similar enzymes can in principle cut up chains at once in many places, where they will 
unwind, and then the enzymes are able to link the ends of the individual pieces. This idea, 
although was not supported by concrete evidence (the participation of such proteins in 
replication was not experimentally confirmed), calmed many of researchers. 


Many, but not all of them, because in this case the process of separating of the two chains, 
all the same, rest be very, fantastically difficult. And this fact became the basis for the search for 
other -- alternative -- DNA models in which the chains are not intertwined at all. 


And what, the reader will ask, the long-term studies of DNA by all possible methods in 
hundreds of laboratories in the world have not yet uniquely determined its structure? 
Surprisingly, the answer will be negative. 
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It would be good to have seen the structure of native (biologically complete) DNA with 
atomic resolution but this not yet possible. As for X-ray structural analysis, single crystals are 
required, and they are only able to be obtained from short stretches of DNA. It is clear that the 
conformation of such "stumps" will be affected by their free ends, because of which the natural 
form of DNA molecules can be distorted (by the way, the first structure completely deciphered 
by this method suddenly looked like a broken left spiral, which was called the Z-shape). 


In the case of long DNA, only fibers are obtained in which the molecules lie in parallel but 
can rotate about their longitudinal axes, that is, they are not ordered azimuthally. Their 
roentgenograms were studied by Rosalind Franklin; she was a good crystallographer, and 
whoever read Watson's book remembers her "anti-spiral" views. As A. Klug wrote after her 
death, in her working diary (winter 1952--53) there are considerations that "the x-ray patterns 
of the fibers indicate not a regular helix, but rather a strip or pseudo-helix with 
nonequivalent phosphates, which in the projection looks as a figure of eight". 


The DNA contour is already seen in the electron microscope (although not so clearly as to 
draw decisive conclusions), and it can be noticed that it is not the same as in the double helix. 
But the probe microscopists made an important and demonstrative trial of this molecule and are 
already close to making a final verdict to double helix: they began to mechanically stretch ends 
of the two chains in different directions -- break hydrogen bonds between complementary bases 
(in other words, denature DNA) and have seen that the two strands of long molecule behave as if 
they were free to separate (see Appendix). 


Fashion on the models 


In 1976, two groups of researchers -- from India and New Zealand -- independently 
proposed a so-called Side by Side (SBS) model, in which the direction of twist of both chains 
varies through each half-turn, so in general, they remain unconnected. Published in good 
scientific journals, this structure caused a small stir at the time: it turned out that, despite its 
apparent illogicality (for what reason does the spiral change its spin all the time?), it is not so 
easy to refute it. 


To this aim, special, and rather sophisticated, experiments were conducted (they were 
based on the effect of supercoiling of DNAs closed in a ring). The bottom line is that such a 
DNA behaves like an elastic telephone cord, which, as we know, when is overtwisted relieves 
stress, forming supercoils. So, the SBS model, because of its right-left twists, should behave 
somewhat differently from the double helix with respect to supercoiling, and as a result, it was 
possible to show its inconsistency with the data obtained. 


Another model, called Ribbon (strip, tape) Helix, was proposed in 1979 by the author of 
these lines. In it two sugar-phosphate chains form oppositely directed parallel spirals shifted 
relative to each other by the length of the bridge of the base pair; the size of the turn and the 
distance between adjacent pairs are the same as in the double helix. From SBS structure it is 
distinguished by a homogeneous dextrorotatory nature of chains -- there are no "wags". 
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Together with R.-H. Mikelsaar of Tartu University one turn of the new structure was built, 
using Tartu space-filling atomic-molecular models, that is, its steric (spatial) opportunity was 
shown. This work is reflected in the theses of the "First Republican Conference on Biophysics", 
Academy of Sciences of the Moldavia, Chisinau, 1984; a year earlier, a brief oral report about it 
was made at the All-Union (USSR) School on Nucleic Acid Biophysics in Kharkov (Ukraine). 


(Incidentally, in the 1990s, the editor-in-chief of Nature, J.Maddox, said that now the 
original article by Watson and Crick probably would not have been accepted for publication: the 
reviewers would say that this is only the construction of models, some speculation; in addition 
X-ray data was obtained not by them, but by R. Franklin.) 


Three models 


Schematically, all three structures -- the double helix, the SBS model, and the ribbon helix 
are shown on the "triptych" (Fig. 1). It is clear that those properties of the Watson and Crick 
model, which determined its significance for genetics, -- the presence of two chains connected 
by pairs of complementary bases, -- suggested alternative models do not reject. They only 
suppose other spatial forms of chains and their mutual arrangement. 





Figure 1. Schematic representation of a double helix, side by side model and 
ribbon helix. Side view and top view 


Often in textbooks and articles, DNA is simply drawn in the form of two parallel straight 
lines connected by perpendicular bridges, that is, in the form of a ladder, which reflects the most 
essential in its structure (another, more realistic scheme, called the "cis-ladder", is shown in Fig. 
yap 





Figure 2. The scheme of the structure of DNA in the form of cis-ladder 


The ribbon helix is similar to this cis-ladder, but only both of its handrails form 
independent spirals (more precisely, screw lines); while the flat pairs of bases approach one to 
another forming a stack. The view from the top gives namely figure eight (i.e. 8) -- remember the 
thought of Rosalind Franklin. 


The nonequivalence of phosphates, about which she wrote, also exists (in DNA it is 
detected by NMR). The fact is that the ribbon helix, in contrast to the double helix, does not 
represent a regular spiral, since the mutual locations of adjacent base pairs (not the rotations in a 
certain angle, as in Watson and Crick model, but parallel shifts) are unequal inside the helix. 
This means that the dihedral angles in the sugar-phosphate chains in each step inside one turn of 
a spiral are also different -- that's where the divergence from the symmetry that Watson and 
Creek have required lies. (However, there is a symmetry axis of the second order in the center of 
the turn of the helix tape, so the smallest recurring motif in its structure will be the half-turn.) 


Of course, the main advantage of the proposed model is that the two chains are not 
intertwined, so they can easily diverge during replication or denaturation (no intertwining -- no 
problem). But, as we will see, it is also good in other respects -- many molecular-genetic 
processes are greatly simplified. The important thing is that this model combines, as reflected in 
its name, properties of tape and helix. 


Advantages of the ribbon structure 


In fact, the ribbon helix looks like a punched tape, which can be read freely, holding the 
ends (for a double helix it is impossible because of its twisting). Therefore nucleic-nucleic and 
nucleic-protein recognition will easily occur. In addition, because of its ribbon-like nature, such 
a molecule can easily bend to wrap around the protein particles (nucleosomes) in chromatin or to 
fit inside the protein envelope of the virus (to bend a rigid double helix without its fracture in 
many points impossible). It is clear that a tape can be packed more densely (in chromatin and 
viruses) than a structure which is a cylinder-like one. 


On the other hand, thanks to the homogeneous screw twist of both of its chains, the spiral 
ribbon will behave like an elastic spring. Therefore, it will not contradict experiments with a 
supercoiled DNA, on the basis of which the SBS model was rejected (some experts decided that 
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experiments that disproved the SBS structure simultaneously allow to discard any other models 
in which two chains go non-intertwined, but this is incorrect.) 


Further, the same spiral ribbon may have different conformations, since any fixed pair of 
bases inside the helix is capable of occupying in principle sterically unequal positions -- on the 
crest, in the cavity or somewhere in the middle (let's call this degree of freedom the phase of the 
ribbon helix). Now let's imagine that a protein or other molecule interacts with DNA in some 
place. Because of this, a local phase shift can occur, and a wave of its change will propagate 
along the polymer. It is clear that in this way the signals could be transmitted over long 
distances, and similar effects in DNA are now well known. 


The other fact. The location of nucleosomes relative to DNA may be different but differ by 
an integer number of spiral periods. In the Watson-Crick model, because of its helical symmetry, 
there are no any preferred positions. On the contrary, the structure of the tape-spiral is repeated 
only through a turn (after ten base pairs), thereby setting the natural discreteness. 


Nucleic bobbins 


It is known that when the properties of a solution change in some specific way or DNA 
interacts with certain molecules, a long polymer of DNA is twisted, forming compact toroidal 
particles that are visible in an electron microscope (the so-called psi-form of DNA). In the case 
of a double helix, in order to explain this effect, it was necessary to develop a complex 
thermodynamic theory. 


In a case of a ribbon helix, everything will be easier. The fact is that its two broad sides of 
the molecule are stereochemically unequal: one of them corresponds to a small groove of a 
double helix (where the phosphate groups are located), and the other to a large one. Therefore, 
such a molecule behaves like a bimetallic plate, that is, when the conditions change, it will curl. 


As the result, a tori will emerge which are optically active, indicating a long-range order in 
the location of the nitrogenous bases (the sign of the band in the spectrum may be different). 
Unusual optical properties of such DNA particles as a rule explained by the formation of 
cholesteric liquid crystals. 


A spiral ribbon removes the problem. After all, if it twists (like a belt on a hand), then in a 
section of the torus by a plane there will be a pile of equally azimuthally oriented molecules (Fig. 
3) -- as if a crystal from parallel laid pairs of bases, which will give optical activity. With other 
parameters of the environment (or, again, the interaction of DNA with some molecules), the belt 
will twist to the other side, that is, the entire source will be turned inside out, like a glove. 





Figure 3. Two possible coiling of the ribbon helix during the formation of torus-like 
particles. Schematically shown the sections of tori by a plane 


The result of such a reversal is analogous to the transition from one enantiomer to another - 
- the spectrum transforms into its mirror image (the sign of the band in it will change). 


Netlike chromosome 


Now let's look at the process of mutual recognition of two DNA molecules having regions 
with identical base sequences. It occurs, for example, in meiosis, when two homologous parental 
chromosomes approach each other, aligned in parallel, and then there is an exchange of sections 
between them (crossing-over). 


Unlike the double helixes, two ribbon helixes (schematically shown as blue and red 
"ladders" in Fig. 4a) can be arranged so that the hydrogen bonds connecting the bases inside each 
molecule are ruptured, the bases turn 90 ° and form new pairs bases, but already intermolecular 
(Fig. 4b). Such heteroduplex would serve as a key step in crossing-over. 





a) b) Cc) 
Figure 4. Stages of the crossing-over 


Then the chains break at points Oi, O2, O3, and Os, and after turning their ends by 90 ° they 
are sewn up in anew way (Fig. 4c). As a result, there is an exchange of sites (recombination) -- 
in the initial molecules there were sequences of blocks A-M-B and P-M-S, and as a result, A-M- 
S and P-M-B were obtained. 


The ribbon-spiral opens interesting possibilities from the point of view of the organization 
of DNA in chromosomes. It is known that in the genome there are many repetitive sequences of 
nucleotides (they are called repetitions). These repetitions located on the same chromosome can 
also approach each other, therefore intra-chromosome heteroduplexes will be formed (Fig. 5b). If 
now there are no breaks in the chains (as in crossing-over), and parallel tapes will disperse, then 
loops will arise, from which (on the whole on the chromosome) a complex, branched network 
can be formed. 


In general, the network device of chromosomes is known for a long time, but here the 
principle of their structure becomes clear. The resulting loops could reflect the associative links 
between the remote parts of the genome, and the network structure -- preserved when doubling 
the chromosomes, that is, to carry additional (epigenetic) hereditary information. 


Energy and kinetics 


But still, why did not we see the ribbon-helix in the X-ray diffraction analysis of short 
DNA segments? Apparently, the double helix is energetically more advantageous, and its 
parameters strongly depend on the base sequence (in particular, the Z form can be obtained). A 
conformation in the form of a ribbon-helix is a metastable state of double-stranded DNA. After 
all, as we know, with the folding of protein chains, the energy minimum can be unattainable 
kinetically. 


Let's imagine, for example, that there are two long complementary strands. When they 
approach each other in some area, the bases there will turn towards each other and the "zipper" 
will immediately be fastened along the entire length of the site (renaturation will occur), but 
strands cannot twist on each other because of their "hanging" ends. 


Probably, it is because of this that DNA replication requires an initial double-stranded site 
- a "primer", which special enzymes build. After the priming has been obtained, a formation of 
the helix tape can proceed further. A potential barrier separates the ribbon helix from the double 
helix so it cannot overcome it without violating the stacking interaction of neighboring base 
pairs, that is, without destruction of its native structure. As E. Bauer said, "life is a stable 
disequilibrium" -- it is possible that such a principle is also true of the structure of DNA, which 
also turns out to be non-equilibrium one. 


Now we know about the wide variability of the shape of the DNA molecule, there are also 
unscrewed states, say, when two closed rings of single complementary chains associate (the so- 
called V-form). Probably, under certain conditions, individual sections of intracellular DNA may 
have the conformation of a double helix. 


A new turn of a spiral 
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As already mentioned, there were no good reasons for choosing a model with interlocked 
chains as in the Watson and Crick model. Of course, the desire for simplicity is the most 
important heuristic principle, but it can also fail. Let's remember I.Kepler with his discovery of 
the ellipticity of planetary orbits -- it would seem, they should be circular. A. Einstein said that 
"we must try to make everything as simple as possible, but not easier". 


The simplicity of the double helix turned out to be imaginary -- this model gave rise to a 
lot of difficulties in explaining the basic molecular-biological processes in which it participates. 
Why did she survive all these years? Probably, this is the normal conservatism of science, about 
which F. Bacon wrote in the "New Organon": "The human mind attracts everything to support 
and agree with what he once accepted ... Whatever the force of circumstances, the mind either 
does not notice them or neglects them..." 


The ribbon helix has many advantages over the double helix. Of course, this structure 
needs to be investigated by methods of theoretical conformational analysis, and also to explore in 
other aspects. (Incidentally, it is possible that such a polymer will be promising in terms of 
searching for organic superconductors because it combines the stacking structure of flat bases 
with periodic changes in the electronic properties along the molecule.) 


Development, as taught a philosopher Hegel, goes by a spiral. So, in the problem of DNA, 
apparently, it's time to go to its next turn. 


APPENDIX I 


Torture for DNA ("Chemistry and Life", 1999, No. 5-6, p.8-9. The note in the rubric 
"Science News"). 


U.Bockelmann et al., «Phys.Rev.Lett.», 1997, v.79, p.4489; «Phys. Rev.», 1998, v.E58, p.2386 


It seems that the most important molecule was already studied by all possible methods but it did 
not reveal some its secrets. Now the probe microscopes began to be applied to it, and, unable to 
withstand the "torture", DNA "spoke". These tools allow to manipulate individual molecules, 
and instead of indirect data that give chemical and spectroscopic methods which it is difficult to 
interpret, they are dealing with demonstrative mechanics. 


Physicists from the Higher Normal School (Paris) placed in a solution (close to 
physiological) a single DNA molecule of phage lambda over 16 microns in length -- it contains 
48,502 base pairs. From one end of the molecule, two strands were parted slightly, and the end of 
one of them was fixed (sewed to the wall), and the other end was attached to a microsphere 
mounted on the probe microscope needle, so it could be moved. And they began to stretch the 
ends in different directions. In doing so, they ruptured the hydrogen bonds between 
complementary bases, that is, they mechanically denaturated molecule of DNA. 


The most interesting thing is that the ends were able to reach a distance of tens of 
micrometers, that is, two sugar-phosphate strands became separated over the entire length of the 
original molecule. But in a double helix, they are twisted on each other! So, in order for these 
strands to diverge, all DNA must rotate around its long axis. We see that by stretching the ends, 
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it is necessary to cause the rotation of a huge polymeric molecule, which is also somehow coiled. 
How it may happen, it is impossible to imagine, because the diameter of the DNA is about 2 nm, 
and its length was 16 um. 


Authors of the work did not say a word -- for the sake of simplicity (!?) -- about the 
problem of unwinding, but it cannot be neglected. The very detection of this contradiction is the 
most important information extracted from the experiment. It can be recalled that in the 1970s 
and 1980s alternative DNA models, in which two strands were not twisted, were offered; 
probably, now it is necessary to return to their consideration. 


But first of all, it is necessary to conduct an experimentum crucis -- to fix firmly the 
second end of a long molecule so that its rotation cannot occur in principle, and repeat the 
experiment. If the strands will be separated again, then the Watson-Crick model is really wrong. 


APPENDIX II 


The first publication (1984) of the hypothesis about a new model of the structure of the DNA 
molecule, called Ribbon Helix, was in the Thesis of reports (p. 23,24) 


THE FIRST REPUBLICAN CONFERENCE IN BIOPHYSICS 


ACADEMY OF SCIENCES OF THE MOLDAVIAN SSR 
Scientific Council on Biophysics 
Institute of Applied Physics 


Kishinev. “Stinica’. 1984 


Below are scans of the cover and pages with this thesis. And after them, its text is 
presented in the original (in Russian), as well as its translation into English: 
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Ayer OBLEMHYE reine MORIA | HOSROARDUKE HMMMTHPOBATL aNMAHApHE LIMKAKYECKHe COeAMHeHMA H pasan— 
MOJEKYJAPHOA BKODKSMKE, wars A~ w B-cemettcrsa Hykaennosux xucnor. Howe oGbemiBIe = MosenH 
CHaGxeHY MpHcnocoGNeHMAMK A HaMepeHAN aToMtx koopamnat M spy- 
Ppautx KOKpopMayHOHHAx yraop . ; 

Ha ocHowalmmM ykasaunux coBepuencrnonaruit paspagorana opx— 
THHAIDHAA METOAMKA, MOSBORAMIAN CTPOWTh OGbeMHOrO THNA MoneKy= 
aNpHe MoReTM NpAMO fo KpHCTANAOrpapuyecKuM KapTaw szexTpONHOA 
AMOTHOCTH WIM HA OCHOBe HaBeCTHX MpOCTpAHcTHEKIMIX KOOPAMHAT. 
Kpowe Toro, rowHocrs mM KomnmeKTHOCTD Mpenwaraewux wonened obte- 
AMHeHY HOBOM, HaKu6onee yqoOHo vw npocTol HOMeHKZATypOR wonenel, 


To RenaeT 9TH MOCOGMA AOCTYNMIMA JUIN WMPOKMX KpyTOB HaywHNX coT- 
PYAHMKOB M Nenaroros, 


P.-X. H.Mukempcaap 
TaprycxwA rocynapeTBeHHaa yHBepcureT 


[lpm BUACHEHAM MpocTPAHCTREMHOrO CTPOeHKA M CTPYKTYPHYX MpeB— 
pawenuh maxpowoneky Bb MONeKYIAPHOA GHopHsMKe BaXHYO PONb Hrpa~ 
DT OOwuHMe CMoHsHYeCKKE MeTONN MCCREROBAKMA, OCOSeHHO peHTreHo~ 
CTpyKtypHuA avanus. OjHako #8 HacTosmee BpeMA BCe Gonee sipHon 
CTAHOBUTCH HEOGXOMKMOCTS NpMaNeVeNnA M AIpyPAX, Gonee AOCTYUHIX 
M DMHAMMUECKMX METOLOB KOHpopMalmMorinx uccnegonaHwh. Ogunw Ha Ta~ 
KMX METOAOB HBANETCA MOREAMpoBanke TpeTMYHOA CTpyKTYPY MAKPOMONe— 
Kya [pH MOMOWM OGBEMHIX ATOMHO-MOAeKYNAPHAX moseren, Baaronaps 
TOUNOM MMMTANK ATOMHNX pAMyCOB M BANEHTHNX yrACo AHHNe MONE NH 


HOBAA CIMPAIBHAA CTPYKTYPA 
woran Ou craTh OCHOBOA WIA MOReNKpOBAHKA He TONBKO KOHKpeTHOTO 


ABYXUEDOYEYHOPO NOMAYKAROTHIA 
OTHOCKTENbHO NOCTOAHHOPO CTPOeHHA pelecTBa B KpucTanauyeckom COC~ 
TORMMM, HO MW GYCTPOPO HCCAEAOBAHKA PASAMYHIIX MMHAMAYECKHX lepexoy I.W.Bepxoscnuit, P.-X.H.Mmxeascaap 
ux KoMpopmaunl moneKyx Wx KommieKcoR. OsHaKO, HeCMOTpA HA 6es: 
YOnoBHYI NOAbSY MMpHMEHEHKA OOEMHNX ATOMHO-MOuEKYANPHX — Moenent Psid ea iy MOONCAORGTOXSOKUR 


ipa HECACLOBAHHH TpOCTpakCTBeHHOPO cTrpoenus Snowonerya Takne noco 
GUA MPMMEHAIMCh AOBOMBHO PEAK. BTO, MO~BUAKMOMY, CBHBANO Kak © 
TEOPETHYCCKHMM, TAX MK TEXHMYECKKMH HEJOCTATKAMH MMEWNXCH NO CHX 
nop B npofaxe mojenei. { 

Hawn paspaGoTat aTOWHO-MOKeKyJIpHe MOQeAH HOBOTO THIla ,lIpe~ 
BOCKOANIME CYMeCrByOUKe AHAAOPA KAK MO TeXHKVECKHM, TAK K TeOpe= 
Twueckkm XapakTepictHkam. HanGoxee CymeCTBeHHO, YTO B HOBNX MORe~ 
WAX polleHa KMYEBAA NpoGAema COeAMHELMA Monyael — CosjAHA BHCOKO~ 
HegexHaA KOHCTPyKUNA KpenAGHAR, MocnegHne YpesBudahHo MA0THO Coe~ 
WMHOT Beran Mey COGOM M Xopolwlo COXpaHADT ycTaHOBNeHHOe Uo~ 
noxerne “"aromos” (xonpopmanHm), NpAvem NonHOCThO KcKmMYADTCH Ap~ 
repaxtie "Soxosue" capurn cep. OTA npermywectsa xapakTepHs TS) 
xe ANH CneuMaNDHOrO THMA “‘oBuxX KpeNAeHHA, MpemHASHAveHHAX — IA 
MoseRKpoBAHNA BosoposHux cansef. Cc ‘veopeTHuecKon TOUKK speHHy 
MOBKE MONSAM, OCHOPAHHNE HA NocneHX RAHMUX KpHCTaAnorpapun M 
PeHTreHOCTPyKTYPHOTO AHAANSA, MOSBOAAMT TO CPABHEHMD c MpeAMsyih~ 
MM BHAROrAMK TOU MOseNMpoBATL BANeHTHNe YIN, ATOMHNe payMych 
M AJHIB MemATOMHEX consef. 

. B xownazevr wojexeh sxmover 4 CopeplleHHo HOBHe THI “aTomon" 
Hanpuwep cnenmansimh "yraepon" 18 OKB0~SHO~Popmd Caxapa HM cilo~ 
uManbie "pocop” u "KucxOpom" AIA caxapoochaTHoR yenn, BriepBue 


Taptycknd rocynapersenimil yuusepcuter 


' B nocseguwe roms pesko nosucwicn wirepec K KoHIpopmanMortum 
BosmomHoctim JHK. 3ro cprsano ¢ aByma o6cronteaborsamn. C omHon 
OTOpOMM, OKCHEPHMEHTAaNbHO OOHApyxeHa WMpOKAN BApKeSeNDHOCTS JUHI 
{h), uoBeCTHI M HeBsaKpyYeHHNe coctonHua (Hanpywep, BD -netanx, 
Vebopme, 8 Komnaexce c MHTepKaxATOpamn). C apyrof cropow, ja 
‘MyaccuyeckoR 78oMHOM cowpanK uMeNTCA CepbesHWe TpyAHOCTH B OOBAC - 
Monn wexaHHsMa pasneseHKn HWTel MpK penauKanMn. ArH rpyyHocTH He 
iru c oTKpsTHeM packpyMBaNqNx GexKos (ronoMaowepas) [2], TEM 6o~ 
» “To ydacTHe JanMux Genkos B pevMKAYKM ONNTHAM nyTeM He fo 
eano\ [3]. Npyseqemne gaxty, a race OTCyTCTBME NpAMUX jAHHLX, 
PBepANAONNX, TO HaTHBHa JH coornercrayer mogenn Yorcona 
Ka, CAYAAT OCHOBSHKEM IA BUABMKCHWA AnbTepHATHBHYX woneneh, 
1976 r. una npennomena Tak HasuBAaewan SIDE-BY-SIDE poner» 
4,5], soropan Ouma onponeprnyra cheymambiuMM BKcnepHMeHTaMH — c 
puewumn JIHK [6], t 
Tpenraraetcn HoBaA cuMpaabHan cTpyKTypa ANA pByxuenoyednoro 
MHyKneOTHNa, HaSBaHHaN “newrol-cimpanso". Jee  npoTHsononoxHo 
BACHHue Caxepohocpatine Lenk o6pasyor npoctpancTsemme ciit~ 
iM, NAPAUIENbHO CABMHY THe OTHOCKT@AbHO Mpyr Apyra HA ANKHY MocH 
Hap ochosannh. B oramuve oT gsokMoA coupann cocegune napa 
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+ Wang J.C. - Proc. Nat. Acad. Sci., USA, 1979, Vv. 76,p. 200- 
203. 

, Muxenscaap P.-X.H. Tesch I Beecomsxoro Ouopusnyeckoro ctesza 
_ (3 - 8 asrycra 1982 r.). T.IY. - M., c.103, 


okasHBAWTCA Me SAKPYYOHHIMM, a CIBKHKYTNMM NapasnenbHO. lee ye- 
m He odpasynt sallenzenuii “ MoryT aerKo pasgeantecn. Paswep 
BMTKAa M PACCTOAHHA weRMy COCeAHAMH TapaMH Te xe, YTO MB ason— 
How cnypann. ; 

Jewra-cnupanb ABAReTCA HeperyanpHo cumpanbw - cTpyKTypa Mom: 
HOCTLN NOBTOPASTCA TpA TPAHCIANAK BUOAb raasHod oc Ha paccton: 
HMA, KpaTHNe pasMepy BUTKA, @ BHYTPH BUTKA B OAHOR ueNH BCE A BUAAHME BHEWHMX YCuOBUA 
rpamoie yray pasa. Weetca, omHako, och CumveTpHM = BTOpOrd HA AKTMBHOCTL 30S CYBYACTHI 
HOpAAKa, nepmeHquKyaspHaa rnasHol ocM MONeKyAN, MOeTOMy HaMMeHb— PUBOCOM &, colt 
WWM NOBTOPADMAMCA MOTHBOM AbAReTCA yYACTOK ANMHOM 5 nap ocHoBa~ ‘ 
Hwa. Jlse mHporve cToporm Tol meHTooSpasHoA cTpynTypH cTepeoxH— 
MHUECKK HEOKSMBANHTHL, OfHa CTOPOHA COOTBeTCTByeT manOMy xe— 
noOKy NBOMHOA cnMpann, mpyran - Sonbutomy . 0 

Wcnompsyn taptryckve oObemHe ATOMHNe moh (7) » nocrpoe— 
HO HeCKOAbKO BapHaHtos crpyxtyp eToro tuna. Uccrenopanun Ha Mo 

" penrx noxasamt, B YACTHOCTH, UTO CTEPMYGCKH BOSMORHA JeBAA ReH: 

va-cnupanb, 8 KOTOpOA KamgquA TAX BHYTPM BATKA MMeeT NO OAHOMY 
wsnomy (cnewr wemny HMMM ~ TorHTxa). lllupyna waaoro xen06Ka papb: 
upyer ot 4 jo 10 A (p Hanpapnerm, nepnexguxynapHon raanHol 
ocn). Mnockocr# ocHosaHm! nepnennyKyanpHy OCM MOmeKyIU, BCe Ca~ 
xapa HAXOMATCH B C2“ongo-nompopwannn . Mswepert! Asyrpanene yrs 
nocrpoexHux orpyxtyp. Ha monensx paccmoTpens BapHaHTs! ynaKoBK 
woneryn 8 Bune NeHT-cnupanef B KpHcTannax, OleHeHN NAapaMeTpN KPHC 
TaannueckoR pewerKH. j 

Tpennomennan crpyxtypa oOnagaer nutrepecitimy cpolcTpamK C TOW 
RM spetmA KOHMeHCHpoBAHHOA dhopwu JIHK, nyxneocomioh opranksannn, 
Hyk2evtto-HykneMHoBoro ysHasaHun, sppextos cynepcnmpannsauwk KB 


D.11.Cemenxos, 0.11. Kyyernco 


Senmerpascnne MHCTUTYT AnepHON dusnKu 
 * wm. B.IL.Koncranranopa , Taraxna 


Iipn co6amqennu onpeyenentix mpenoctopomoctel mMomHO nlony- 
ith 30S cySuactMy, cnocoOHux cAASWEATb Ape MomeKyAH ADCO Ha 
‘Tpex hopw tPHK (ammioaunz-, nentaqnr- wa jeataMponaHHol).Ta- 
‘MMe TecTH NpoBOAMAM 8B OCHOBHOM B Lpeye, comepmamet 20 mM MgCl, 
W209 mM NH,Cl. Tpx normennn KOMUeHTpayHH MOHOB Mg M nopme= 
‘Wik Tewnepatyps KoHcTaHTw accoumaumM TPHK c oGommm cafiramK yweHb— 
WMAMCb, HO JOAA AKTMBHYX calTOB Ip 9TOM He MeHANACh. 

} Bunee cromnan kaprana HaSannaetcs, M H3MCHEHHK KOKUeHTpa— 
mn NH}. Opn ywerpmexnn ornomenna [Mg *T]INHE) on O,.1-0,15 
Wiixe cradunbHocTh B3aMmoneMcTBHA amnHoanma-TPHK c Pam A calramn 
Notwxaetcn 6es usmeHeHKA form axtuBrit, 305 cyduactay. Ecan 
M9") /C¥H ft] Topumarb, TO, Hanpywep, npn 20 wh Mg *y [NAT] on 


















mpyrux acnexrax. R00 ual 4 MMe CyOYACTHUN HAYKHADT KHAKTABMPOBATECH; mem | me 
A INH, },tem Hie axtueHocts 305 cyduactuy, n mpx IO uM NH) ona 
iusae coctasarer TorbKo I0% or ucxogHok. Mepexog ‘cySuactuy us axrHBHO- 


TO COCTOAHMA B HEAaKTHBHOe SAHMMAeT HECKOALKO YaCOB; NpHcyTCTBKe 
WPHK cunbHo samegnner stot nepexog. B mpouecce HHaKTHBauKH KCo- 
aot onmHaxosye yomm P n A caftos, Kak NokKasweawT ommTH Cc 
TpaunKanHom. Tan wHaxTHsaunn 30S cySqacruy, - oOpatmaufh, Tax 


I. Arnott S. Bond P.J., Chandrasekran R. ~ Nature, 1980, v.287, 
p. 561 ~ 562. ni 

2. Pohl W.P., Roberts G.W. ~ J. Math. Biol.,1978,v.6,p.384 - 402 . 

3. Tepemenxo 0.JJ., Xafnaposa H.B. - Ycnexm cospemennoh OvonormMyl KaK nocne Tenzonoh peaxrasaunn (20 wM Mg”, 200 wi NH,’, 40°C) onm 
1983, 7.96, sun.I (4), c. 26 - 45. jOba CNOCOGHA CBASHBATb Abe MoNeKyN aMnHoannn~TPHK.. ‘, 

4. Rodley G.A., Scobie R.S:, Bates R.H.T., Lewitt P.M. - Proc. ‘Takum oOpasom, B sanxcHwocTu oT coorHomenna [Mg ‘I/{wH,) nep- 
Nat. Acad. Soi., USA, 1976, vs73, p-2559 - 2963. OMAWANbHO MoxHOCTHH aKTHBie IOS cySuactmuN MoryT cyMecTEOBATS 

5. Sasisekharan V., Pattabiraman N. - Curr. Sci., 19/6, v.45, bmje cmech yx opm, axtaBHol (4 P, 4 A cafiti axrupHy) # odpa- 
p-776 ~ 782. ‘MO mrad pe Cee TH Lee Te P, » A cafita Ha KamgoA cyOuacTHue 

Moe al Fg J 4 J€ 0,1 - 0,15 ace cySuactam axTuBrE; 


jOAMHAMMYECKK Oonee BuroAHOA cTaHt 
‘Oi HeaxrupHad Konhopmamma 30S ocyduactut. a sat 
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HOBAA CNUPAJIbBHAA CTPYKTYPA JABYXLIENOYEYHOFO NOJIVHYKJIEOTUZA 


J\.U. Bepxosckni, P.-X.H. Mukenbcaap 
LleHTpanbHbIN HayYHO-UccneAOBaTesbCKNK MHCTUTYT CBA3U, MockBa 
TapTyckuii rocyfapcTBeHHbIN yHUBepcuTeT 


B nocseqHue rosbI pe3KO MOBBICHJICA MHTepec K KOH(*OPMaLMOHHbIM BO3MOXKHOCTAM 
JHK. Sto caa3aHo c AByMa OOcToATeIBCTBaMH. C OAHOM CTOPOHBI, IKCIePHMeHTAasIbHO 
oOHapyxKeHa WiMpokad BapuvaderbHocTs JIHK [1], 13BecTHbI H He3aKpydeHHble COCTOAHUA 
(Hampumep, B D-metiax, V-bopMe, B KOMIIJIeKce C HHTepKasIATOpaMn). C Apyroi CTOpOHEI, AA 
KacCH4ecKoOH ABOMHOM ciMpasiM MMeIOTCA Cepbé3Hble TPyHOCTH B OObACHCHHH MeXaHH3Ma 
pa3esleHHaA HUTeH Mp pelwIMKalyMu. ITH TpyHOCTH HE CHATHI C OTKPbITHEM paCKpy4HBarowyHx 
OemKOB (TOMOM30Mepa3) [2], TeM Oosee, YTO yuacTHe TAHHbIX OesIKOB B PerlIMKalH OMbITHBIM 
IyTéM He moKa3aHo [3]. [puBexénuste (PakTbl, a TAKKE OTCYTCTBHe MIPAMBIX JJAHHBIX, 
NMOATBepxK TarlolHx, 4TO HaTHBHasd JIHK coorsBetctByeT MoyemM Yorcoua 4 Kpuka, ciryKaT 
OCHOBaHHeM JIA BLIABIOKCHHA aJIbTepHATHBHBIX MOeseH. B 1976 r. Obiia WpeszOxKeHa Tak 
Ha3biBaemaa SIDE-BY-SIDE mogenp [4, 5], koropaa Oba ompoBeprHyta CielMasIbHbIMH 
9KCIIepHMeHTaMH C KONIbIeBbIMH JIHK [6]. 


IIpeayaraetca HOBad CIIMpasibHad CTpyKTypa WA TByXWenoOuedHOro NOJMHYKIeCOTH A, 
Ha3BaHHad «ICHTOM-cliMpalbio»>. J[Be IpOTHBOMOOKHO HalpaBsIeHHble caxapodocatHple 
lel OOpa3yrOT MpOCcTpaHcTBeHHble ciupasn, MapasIebHO CUBHHYTbIC OTHOCHTEJIbHO pyr 
pyra Ha WWIMHy MOCTHKa Ilapbl OcHOBaHHH. B oTM4He OT JBOMHOM CliMpasIM CoceyqHHe Mapbl 
OKa3bIBaIOTCA He 3AKPYYCHHBIMH, a CBHHYTbIMH MapasiebHo. J[Be Wer He OOpa3ytoT 
3alleIWIeHHH HW MOTyT JIerKO pa3elaTbca. PasMep BUTKa MW paccTOAHHA Me*K Ly COCceqHHMU 
llapaMu Te Ke, 4TO H B JBOMHOM CiiMpasn. 


JleHTa-cnivpalib ABJIACTCA HEperyJIAPHOU ClIMpasIb¥O — CTpyKTypa NOBTOpAeTCcA IpU 
TPaHCIAWHH BAOIb raBHOW OCH Ha pacCTOAHHA, KpaTHble pa3Mepy BHTKA, a BHYTPH BUTKa B 
ONHOK Wel BCe JByrpaHHble yribl pa3M4HbI. MMeetcs, O(HAKO, OCb CHMMECTPHH BTOporo 
opayKa, WepleHAMKyJApHad riaBHOW OCH MOJIeKYJIbI, WOITOMY HAHMCHbILMM MOBTOPAIOLMMCA 
MOTHBOM ABJIACTCA Y4ACTOK WWIMHOM 5 nap ocHoBaHHi. /[Be LIMpOKHe CTOPOHE! ITOH 
JICHTOMOAOOHOM CTPyKTypbI CTepeOXHMNYECKH HEIKBUBAJICHTHBI, O[Ha CTOPOHA COOTBETCTBYeT 
MaJIOMY 2KeIOOKy JBOMHON crupasM, Apyraa OobIIOMy. 


Ucnomp3ya Tapryckve OOBéMHBEIe Moje [7], MOCTPOCHO HECKOJIBKO BapHaHTOB CTpyKTyp 
9Toro Tha. UccneqoBaHuad Ha MOJ{eu1AX MOKa3asIM, B YACTHOCTH, TO CTEPH4eECKH BO3MO2%KHA 
JleBad JICHTa-CIIMpasib, B KOTOPOM KaxKbI THK BHYTPH BUTKAa UMEECT 110 OAHOMY H3JIOMy (CABUI 
M@KLY HAMM — TouBuTKa). LWupnua mMasoro x*e00a BappupyeT oT 0,4 Zo | HM (B HalpaByeHuH, 
TlepleHUKYJIAPHOM riaBHoH ocH). IockocTH OCHOBaHHH NepleHAMKYJIAPHbI OCH MOJICKYJIBI, 
Bce Caxapa HaxogaTca B C2°-39H0-KoHopmMaunn. M3mMepenbl AByrpaHHble yIibl MOCTPOCHHbIX 
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CTpyktyp. Ha Moyeuax paccMOTpeHbI BapHaHTHI YMAKOBKH MOJICKYJI B BAe JICHT-cliMpasen B 
KpUcTaliax, ONCHEHbI MapaMeTpb! KPHCTaWIM4eCKOM PelleTKH. 


IIpeqnoxeHHad CTpyKTypa OOsIajlaeT MHTepeCHbIMH CBOMCTBaMH C TOUKH 3peHHA 
KOHJeHCHpoBaHHoH (opp JIHK, HykseocoMHo OpraHv3allHv, HYKJICHHO-HyKJIeHHOBOrO 
y3HaBanna, 9pekToB cylepcnupasM3alHu HW B APyrux aciieKTax. 
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NEW HELICAL STRUCTURE OF DOUBLE-STRANDED 
POLYNUCLEOTIDE 


L. I. Verkhovsky, R.-H. N. Mikelsaar 
Central Research Institute of Communications, Moscow 


Tartu State University 


In recent years, there has been a sharp increase in interest in the conformational 
capabilities of DNA. This is due to two circumstances. On the one hand, a wide variability of 
DNA has been experimentally found [1], and untwisted states are known (for example, in D- 
loops, V-form, in interaction with intercalators). On the other hand, for the classical double helix 
there are serious difficulties in explaining the mechanism of thread separation during replication. 
These difficulties are not removed with the discovery of untwisting proteins (topoisomerases) 
[2], especially since the participation of these proteins in replication is not shown experimentally 
[3]. These facts, as well as the lack of direct data confirming that the native DNA corresponds to 
the model of Watson and Crick, serve as the basis for the nomination of alternative models. In 
1976, the so-called SIDE-BY-SIDE model was proposed [4, 5], which was refuted by special 
experiments with ring DNA [6]. 


We propose a new helical structure for double-stranded polynucleotide called "ribbon- 
helix". Two oppositely directed sugar-phosphate chains form spatial spirals, parallel shifted 
relative to each other on the length of the bridge of the base pair. Unlike the double helix, the 
adjacent pairs are not twisted, but also shifted in parallel. The two chains are not intertwined and 
can be easily separated. The size of the turn and the distance between adjacent pairs are the same 
as in the double helix. 


The ribbon helix is an irregular spiral — the structure is repeated during translation along 
the main axis at distances multiple to the size of the turn, and inside the turn in one chain all 
dihedral angles are different. There is, however, a second-order axis of symmetry perpendicular 
to the main axis of the molecule, so the smallest repetitive motif is a section of 5 base pairs. The 
two broad sides of this ribbon-like structure are stereochemically nonequivalent -- one 
corresponds to a small groove of the double helix, the other to a large one.. 


Using the Tartu precision space-filling atomic-molecular models [7], several variants of 
structures of this type are constructed. Studies on models have shown, in particular, the 


16 


possibility of the left ribbon-helix in which each strand inside the turn has a kink (shift between 
them — half a turn). The dihedral angles of the constructed structures are measured. Variants of 
packing of molecules in the form of ribbon-helix in crystals are considered, parameters of a 
crystal lattice are estimated. 


The proposed structure has interesting properties from the point of view of the condensed 
form of DNA, nucleosome organization, nucleic-nucleic recognition, supercoiling effects, and in 
other aspects. 
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